The occurrence rates of bright X-ray flares in z < 1 gamma-ray bursts (GRBs) with or without observed supernovae (SNe) association were compared. Our Sample I: the z < 1 long GRBs (LGRBs) with SNe association (SN-GRBs) and with early Swift /XRay Telescope (XRT) observations, consists of 18 GRBs, among which only two GRBs have bright X-ray flares. Our Sample II: for comparison, all the z < 1 LGRBs without observed SNe association and with early Swift /XRT observations, consists of 45 GRBs, among which 16 GRBs present bright X-ray flares. Thus, the study indicates a lower occurrence rate of bright X-ray flares in Sample I (11.1%) than in Sample II (35.6%). In addition, if dim X-ray fluctuations are included as flares, then 16.7% of Sample I and 55.6% of Sample II are found to have flares, again showing the discrepancy between these two samples. We examined the physical origin of these bright X-ray flares and found that most of them are probably related to the central engine reactivity. To understand the discrepancy, we propose that such a lower occurrence rate of flares in the SN-GRB sample may hint at an energy partition among the GRB, SNe, and X-ray flares under a saturated energy budget of massive star explosion.
INTRODUCTION
Gamma-ray bursts (GRBs) are known as the most luminous electromagnetic explosion in the Universe (see Piran 2004; Mészáros 2006; Kumar & Zhang 2015 , for reviews). For example, the total isotropic energy of GRB 160625B can reach ∼ 10 54 erg . Observations show that long-duration, soft-spectrum GRBs (LGRB) are associated with supernovae (SNe) Ib/c (see van Paradijs 1999; Soderberg 2006; Woosley & Bloom 2006; Della Valle 2007 , for reviews), which are generally believed to originate from the collapses of massive stars (Woosley 1993; MacFadyen & Woosley 1999; Woosley, Heger, & Weaver 2002; Heger et al. 2003; Zhang, Woosley, & Heger 2004; Smartt 2009; Woosley & Heger 2012) . The direct evidence of the GRBs with SNe association (SN-GRBs) is revealed by Hjorth & Bloom (2012) , which classifies the SN-GRBs into ⋆ E-mail: guwm@xmu.edu.cn five grades as follows. Sample A: spectroscopic SNe; Sample B: a clear light curve bump and some spectroscopic evidence; Sample C: a clear bump consistent with other SN-GRBs put at the spectroscopic redshift; Sample D: a bump, but the inferred SN properties are not fully consistent with other SNGRBs, or the bump was not well sampled, or there is no spectroscopic redshift for the GRB; Sample E: a bump, either of low significance or inconsistent with other SN-GRBs. Following the spirit of the above classification, Cano et al. (2017b) presented a quite comprehensive database compiled of the observational and physical properties of the GRB prompt emission and SN-GRBs, respectively, which consists of 46 SN-GRBs.
On the other hand, X-ray flares were observed by Swift/X-Ray Telescope (XRT) both in long and short GRBs after the prompt gamma-ray emission (Burrows et al. 2005; Fan & Wei 2005; Zhang et al. 2006; Nousek et al. 2006; Liang et al. 2006; Falcone et al. 2006; O'Brien et al. 2006) . A few flares can occur even up to several days after the GRB trigger (e.g., Chincarini et al. 2007 Chincarini et al. , 2010 Falcone et al. 2007 ). The physical origins of X-ray flares remain mysterious, which may be related to the late-time activity of the central engine (e.g., Kumar & Panaitescu 2000; Perna, Armitage, & Zhang 2006; Dai et al. 2006; Lazzati & Perna 2007; Falcone et al. 2007; Maxham & Zhang 2009; Chincarini et al. 2010; Margutti et al. 2010 ), or to the external shock (e.g., Proga & Zhang 2006; Giannios 2006; Curran et al. 2008; Bernardini et al. 2011 ). The steep decay was observed both in the decay phase of flares and the prompt emission (e.g., Jia, Uhm, & Zhang 2016; Mu et al. 2016b; Lin et al. 2017a,b) . Additionally, the high variabilities in the steep decay phase may originate from the activities of the central engine (e.g., Proga et al. 2003; Lei et al. 2007; Liu et al. 2010; Zhang, Zhang, & Castro-Tirado 2016; Lin et al. 2016) . A criterion was introduced to judge the physical origin of X-ray flares, which is based on the relative variability flux and timescale (e.g., Ioka, Kobayashi, & Zhang 2005; Bernardini et al. 2011; Mu et al. 2016b ). The external origin of the flares means that the flares are related to afterglow variability. On the contrary, the internal origin corresponds to the late-time activity of the central engine. Two well-known types of central engines are the hyper-accreting stellar-mass black hole (e.g., Paczynski 1991; Narayan, Paczynski, & Piran 1992; MacFadyen & Woosley 1999; Perna, Armitage, & Zhang 2006; Luo et al. 2013; Liu, Gu, & Zhang 2017 ) and the millisecond magnetar (e.g., Usov 1992; Duncan & Thompson 1992; Rees & Mészáros 2000; Zhang & Mészáros 2002; Dai et al. 2006; Metzger et al. 2015) . For a SN-GRB with an X-ray flare from internal origin, the central engine should account for three explosions, i.e., the supernovae, the prompt gamma-ray emission, and the X-ray flare.
The main purpose of this work is to compare the occurrence rates of X-ray flares in the z < 1 GRBs with or without observed SNe association, and investigate the physics if significant discrepancy exists between these two rates. The remainder of this paper is organised as follows. Sample selection is presented in Section 2. The main fitting procedure used for X-ray flare data is shown in Section 3. Occurrence rate and physical origin of bright X-ray flares are investigated in Section 4. Discussion and conclusions are summarised in Section 5.
SAMPLE SELECTION
A recent review paper, Cano et al. (2017b) , presented an upto-date progress report of the connection between LGRBs and their accompanying SNe. Their sample consists of 46 SN-GRBs, which are classified into five grades, as mentioned in Section 1. In this work, the bright X-ray flares in GRBs with or without observed SNe association were studied. Then, the 46 SN-GRBs in Swift/XRT data were examined to investigate the X-ray afterglow of these sources. The following selection criteria were used to derive a sample of targets.
• (1) The starting point is the sample of Swift/XRTdetected GRBs. We picked only events observed by the Swift/XRT. Thus, 19 GRBs without XRT follow-up observations can be removed (the removed sources can be found by referring to Table 1 ).
• (2) Since most flares occur in the early time (tp < ∼ 100 s, Yi et al. 2016), we chose the GRBs with early Swift/XRT follow-up observations (trigger time < ∼ 300 s), and therefore eight GRBs were removed.
• (3) In addition, by taking into account the Swift orbital constraint, an adequate X-ray afterglow observation in the early time (100 s ∼ 1000 s) 1 was necessary. Thus, we removed three GRBs with the poor sampling in the early time.
Among the 46 SN-GRBs in Cano et al. (2017b) , there are 16 GRBs matching the aforementioned three criteria. Moreover, two recent SN-GRBs, GRB 161219B/SN 2016jca (Ashall et al. 2017; Cano et al. 2017a ) and GRB 171205A/SN 2017iuk (Postigo et al. 2017; Prentice et al. 2017) , were added to our Sample I. Thus, Sample I consists of 18 GRBs, among which three sources are X-ray Flashes (XRFs)
2 . There are a total of seven XRFs among all the 48 SN-GRBs, which are noted in the first column of Table 1 . In addition, the enumerated list pertaining to our sample selection is reported in Table 1 , where the related comments are shown in the fourth column.
The XRT light curves of all the 18 SN-GRBs in our Sample I 3 are presented in Figure 1 . In this figure, a smooth broken power-law or a single power-law (Beuermann et al. 1999 ) was used to fit the light curve, and the related fitting parameters are reported in Table 2 . We examined the 18 GRBs and searched for bright X-ray flares satisfying the condition "Fp > 3F " (e.g., Yi et al. 2016; Mu et al. 2016a) , where Fp and F are the peak flux and the underlying continuum flux at the peak time of the flare, respectively. We found that only two sources, GRBs 060904B and 161219B, have bright X-ray flares, as shown by the mark "B" (bright) in the fourth column of Table 1 . Then, the occurrence rate of bright X-ray flares in our Sample I (SN-GRB) is only 11.1%, which seems to be lower than that in the general population.
Since the detection of SNe is limited by the distance, secure SNe identification becomes difficult because the SNe appears fainter at a higher redshift (see, e.g., Woosley & Bloom 2006) . The SN-GRBs in Table 1 exhibit redshift z < 1 whereas the median redshift of Swift long GRBs is above 2 (Jakobsson et al. 2006; Salvaterra et al. 2012) . Thus, for a comparison, we studied another sample, Sample II, which consists of all the z < 1 LGRBs between January 2005 and December 2017 that satisfy the aforementioned three criteria, except for the 18 sources in Sample I. In other words, Sample II is composed of the z < 1 LGRBs with rapid and adequate XRT followup observations, and without optically observed SNe association. We should stress that, here the words "without observed SNe association" do not mean "SN-less". In our opinion, many SN-GRBs may still exist in our Sample II. However, due to observational constraints, accompanying Table 1 . The total 48 SN-GRBs are taken into account in this work, among which the seven XRFs are noted in the first column. The comments in the fourth column: 18 SN-GRBs in Sample I, where the two bright X-ray flares and one dim X-ray fluctuation are denoted as "B" (bright) and "D" (dim) , respectively; 8 GRBs without early Swift/XRT follow-up observations; 3 GRBs with the poor sampling in the early time; 19 GRBs without Swift/XRT observations. The definition of the grades of SN-GRBs are from Hjorth & Bloom (2012) and Cano et al. (2017b) , which are shown in the fifth column: Sample A: spectroscopic SNe; Sample B: a clear light curve bump and some spectroscopic evidence; Sample C: a clear bump consistent with other SN-GRBs putting at the spectroscopic redshift; Sample D: a bump, but the inferred SN properties are not fully consistent with other SN-GRBs, or the bump was not well sampled, or there is no spectroscopic redshift for the GRB; Sample E: a bump, either of low significance or inconsistent with other SN-GRBs. The SN-GRB references may refer to Table 1 of Kovacevic et al. (2014) and Table 4 of Cano et al. (2017b) . Figure 1 . The X-ray light curves of 18 SN-GRBs with early Swift/XRT follow-up observations in our Sample I. The best fitting is shown by the red curves. The smooth broken power-law and single power-law are abbreviated to "bpl" and "pl", respectively. "N05" (Norris et al. 2005 ) model means function (2) in the fitting of the bright flares from GRBs 060904B and 161219B. Table 2 . Fitting parameters of the 18 SN-GRBs in our Sample I. From left to right: GRB, the power-law function parameters (F 0 and power-law index α); the smooth broken power-law function parameters (F 1 , the indices before and after the break time: α 1 and α 2 , the break time of the flare t b , the sharpness around peak flux in the flare light curve w). The light curve of GRB 060218 is fitted by the sum of two smooth broken power-laws, and therefore the parameters are shown in two lines (060218 a and 060218 b ). The light curve of GRB 101219B is fitted by the sum of two smooth broken power-laws and one simple power-law, and therefore the parameters are shown in two lines (101219B a and 101219B b )
GRB
. LGRBs and one XRF), see Table 3 for details. Among all of these 45 GRBs, we found that 16 GRBs have bright X-ray flares, which are denoted as "B" (bright) in the third column of Table 3 . On the other hand, some dim X-ray fluctuations may be regarded as weak X-ray flares. Here we define the dim X-ray fluctuation as the condition "1.5F < Fp < 3F " is satisfied. Thus, only one SN-GRB has dim X-ray fluctuation, as denoted by the character "D" (dim) in the fourth column of Table 1 . Furthermore, in Sample II, nine GRBs have dim X-ray fluctuations, as reported by "D" (dim) in the third column of Table 3 . The number of flares, N flare , is also given in the last column of Table 3 .
FITTING PROCEDURE
The X-ray flare properties were investigated by fitting the 0.3 − 10 keV(Swift/XRT) light curve with an empirical function proposed by Norris et al. (2005) , for t ts,
where µ = (τ1/τ2) 1/2 and λ = e 2µ . The peak time of the flare is tp = τp + ts = (τ1τ2) 1/2 + ts. The time of flare onset ts = 0 is adopted in Equation (1). Then, the above equation is simplified as
Thus, the peak flux of flare is A = Fmax = Fτ p , and τp = (τ1τ2) 1/2 . The flare width is measured between the two 1/e intensity points,
The fitting results of the X-ray flares are reported in Table 4 . In Sample I, each of GRBs 060904B and 161219B has a single bright flare. In Sample II, 26 bright flares exist in 16 GRBs, among which five GRBs have multiple flares and 11 GRBs have a single flare, as shown in the last column of Table 3 . In this work, our concerns focus on whether or not, the central engine exhibits reactivity behaviour. As investigated by Bernardini et al. (2011) , a sizable fraction of late-time flares (i.e. those with peak time tp > ∼ 10 3 s) are compatible with afterglow variability. On the contrary, the early flares are more likely to be related to central engine reactivity. If a GRB has multiple X-ray flares, it is reasonable to judge whether the central engine becomes reactive after the prompt emission by studying the physical origin of the first flare. Thus, for a GRB with multiple flares, only the first flare was fitted. The fitting procedure of GRBs 060904B and 161219B is shown in Figure 2 .
In addition, to estimate the relative variability flux ∆F/F , where ∆F and F are the increase of the flux and the underlying continuum flux at the peak time of the flare, respectively, then, the underlying continuum was fitted by using a simple power-law (black solid line, Fig. 2 ) (e.g., Bernardini et al. 2011; Margutti et al. 2011 ). The fitting results of the underlying continuum are reported in Table 4 . The quantities t rest p and ω rest are also shown in Table 4 , where t rest p = tp/(1 + z) and ω rest = ω/(1 + z) are the peak time and width of flares in the rest frame, respectively.
OCCURRENCE RATES AND PHYSICAL ORIGIN OF BRIGHT X-RAY FLARES
This work focuses on the occurrence rates of bright X-ray flares in the SN-GRB sample (Sample I) and the general z < 1 GRBs without observed SNe association (Sample II). As shown in Section 2, for Sample I, among the 18 SN-GRBs (15 LGRBs and three XRFs), only two SN-GRBs have bright X-ray flares, and the occurrence rate is 11.1%. For a comparison, for Sample II, among the 45 GRBs (44 LGRBs and one XRF), 16 sources present bright X-ray flares, and the occurrence rate is 35.6%. Thus, the occurrence rate of X-ray flares in the SN-GRB systems is lower than that in Sample II. In addition, such a discrepancy between these two samples can be examined by the Fisher's exact test 4 , which shows the one-tailed P = 0.0466 (< 0.05). On the other hand, if the dim X-ray fluctuation is included as the weak flare, then 16.7% (3/18) of Sample I and 55.6% (25/45) of Sample II have X-ray flares, again showing the discrepancy between these two samples. Moreover, the Fisher's exact test shows the one-tailed P = 0.0048 (≪ 0.05). Thus, the discrepancy may indicate that the SN-GRB systems have a lower occurrence rate of X-ray flares than the general z < 1 GRB Figure 2 . Best fitting for the 0.3 − 10 keV X-ray afterglow light curve of GRBs 060904B and 161219B (red solid line). Blue dashed line: best fitting for the bright X-ray flare; black solid line: best fitting for the continuous X-ray emission of the underlying continuum. The green box marks the interval of the flare in our fitting. Table 4 . Physical parameters from the flares in Sample I and Sample II, and the underlying continuum fitting. From left to right: GRB, amplitude A and the shape parameters τ 1 , τ 2 of the best-fitting of bright X-ray flare from Norris et al. (2005) ; t rest p and ω rest are the peak time and width of flares in the rest frame, respectively. F 0 and α are the parameters of the underlying continuum.
It should be noted that the physics of X-ray flares may be based on the internal origin or the external one. Ioka, Kobayashi, & Zhang (2005) showed that simple kinematic arguments can give limits on the timescale ω and amplitude ∆F of variabilities in GRB afterglows. They proposed that four kinds of afterglow variability are kinematically forbidden under some standard assumptions, and derived the limits for dips (bumps) that deviate below (above) the baseline with a timescale and amplitude (see their Figure 1 for details). These limits are helpful to identify whether or not, the physical origin is afterglow variability or the late-time activity of the central engine. Similar to Ioka, Kobayashi, & Zhang (2005) , Bernardini et al. (2011) , and Mu et al. (2016a), we plot a figure based on the relative variability flux ∆F/F and the relative variability timescale ω/tp to judge the physical origin of the X-ray flares. As shown in Figure 3 , most flares are located in the upper left region, which indicates that they are likely to be of internal origin.
In another way, by setting the zero time at the GRB trigger time, the flares formed in the external shock process may have a maximum decay slope of "α = 2 + β", where β is the spectral index. Consequently, a decay with a slope steeper than 2 + β, (i.e., "α > 2 + β"), may indicate the internal origin (e.g., Kumar & Panaitescu 2000; Liang et al. 2006) . Such a simple criterion can also be simplified as an even simpler one, "α > 3", since β is usually around 1. The light curve index α in the decay phase (from tp to tp + τ dec ) can be roughly estimated as where τ dec = τ2[(1 + 4µ) 1/2 + 1]/2 is the decay time of the flare. The temporal decay index is listed in Table 5 . The spectral analyses for the steep decay segments are performed by using a power-law spectral model 5 , The spectral analyses results, i.e., the values of the spectral index in the decay phase β, are reported in Table 5 . It is seen from Figure 4 that, most flares are located above the red solid line and the black dashed line, which implies that most flares are likely to be of internal origin. Such a result is in good agreement with 5 http://www.swift.ac.uk/xrtspectra/addspec.php/ the data shown in Figure 3 . We therefore argue that most X-ray flares studied in this work are related to the reactivity of the central engine (Romano et al. 2006; Bernardini et al. 2011; Wu, Hou, & Lei 2013; Yi et al. 2015) .
DISCUSSION AND CONCLUSIONS
This work focuses on the different occurrence rates of bright X-ray flares in the z < 1 GRBs with (Sample I) or without (Sample II) observed SNe association. Our Sample I consists of 18 SN-GRBs, among which only two GRBs have bright X-ray flares. Sample II consists of 45 GRBs, among which 16 GRBs have bright X-ray flares. Our study has shown a lower occurrence rate of bright X-ray flares in the SN-GRB sample (2/18, 11.1%) than in Sample II (16/45, 35.6%) . In addition, if the dim X-ray fluctuation is included as a dim flare, then 16.7% (3/18) of the SN-GRB systems and 55.6% (25/45) of Sample II have flares, again showing the discrepancy between these two samples. Thus, the discrepancy may indicate that a lower occurrence rate of X-ray flares may exist in the SN-GRB sample than in the general z < 1 GRB population.
It is known that there exists a strong selection effect of distance on the luminosity and the total energy of GRBs. In the present work, however, we focus on those close GRBs with z < 1 , so the selection effect of distance may not be essential. To our knowledge, none of the known selection effects seems to play a role that could account for the apparent deficit of flares in the SN-GRB sample.
As mentioned in the second section, owing to observational constraints, many SN-GRBs may still exist in our Sample II. In addition, we should point out that our work is based on the assumption that there may exist a group of bona fide SN-less LGRBs. Otherwise, our arguments as well as the division of Samples I and II will make less sense. If Sample II does consist of two groups, i.e., SN-GRBs (Sample IIa) and bona fide SN-less GRBs (Sample IIb), we would argue that our main results, i.e., the discrepancy on the occurrence of X-ray flares, can still work. The arguments are as follows. We assume that Samples I, IIa, and IIb have N1, N2, and N3 sources, respectively. If there indeed exists a discrepancy on the occurrence rate of X-ray flares between the SN-GRBs and the bona fide SN-less LGRBs, we assume that the occurrence rate is f1 for the former and f2 for the latter, with f1 < f2. Obviously, the real difference in the rates is (f2 − f1). In such case, according to our analyses based on Samples I and II, the apparent difference will be [(f1 * N2+f2 * N3)/(N2+N3)]−f1 = [N3/(N2+N3)]×(f2−f1), which is even lower than the real one, i.e., (f2 − f1). In other words, if there exists an apparent discrepancy between Samples I and II, such a discrepancy is likely to be even more significant in the real case (between Sample IIb and Sample I plus IIa). We therefore argue that even though it is not clear how many SN-GRBs exist in our Sample II, the discrepancy suggested in this work may still have potential significance.
In our opinion, the physical understanding of the lower rate of occurrence in the SN-GRB systems may be the following. From the view of the energy source, both the radiation of an SNe and the prompt gamma-ray emission together with the X-ray flare, originate from the total energy of col- Table 5 . Parameters for the physical origin of Sample I and Sample II. From left to right: GRB; ω/tp is the relative time-scale, where ω is the width evaluated between 1/e intensity points, and tp is the peak time of the flare; ∆F/F is the relative flux at tp, and F is calculated from the best fitting of the underlying continuum; α is the temporal decay index; β is the average spectral index in the decay phase. lapse of a massive star, which can be roughly regarded as a saturated energy budget. To produce bright flares, one needs to have in-falling materials near the equatorial direction, which is in the opposite sense of the outgoing materials to power an SN. Thus, bright flares may mean more in-falling materials and therefore less materials are ejected to power the SNe. If this is the case, then it is understandable why the SN-GRB sample has a lower occurrence rate of X-ray flares than Sample II population.
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We should point out that, the above argument on the saturated energy budget is only qualitative. In this work, we did not calculate the energy of X-ray flares even though the fitting parameters have been obtained. The reasons for this are as follows. First, a typical ratio of the isotropic energy of a flare to GRB is around 10% (e.g., Chincarini et al. 2010; Yi et al. 2016) , which means that the radiation energy of an X-ray flare is generally less than that of the prompt gammaray emission. However, the difference in the opening angle and in the energy-release efficiency between the gamma-ray emission and the corresponding flare remains uncertain. It may be less sense to simply add up the two aforementioned parts of the energy budget. In addition, it is difficult to estimate the total energy released through an individual SN, where the neutrino radiation is dominant. Thus, it is beyond the scope of the present work to conduct a detailed energy evaluation. That is why we just focused on whether or not, the central engine has late-time reactivity, and just fitted the first flare but did not investigate, in further detail, the amount of released energy.
On the other hand, the millisecond magnetar may also work as the central engine for GRBs (e.g., Usov 1992; Duncan & Thompson 1992; Dai & Lu 1998; Zhang & Mészáros 2001; Metzger et al. 2015) . It is known that the total amount of available energy of a magnetar is around 2 × 10 52 erg (e.g., Thompson, Chang, & Quataert 2004; Metzger et al. 2011) , and perhaps up to 10 53 erg (Metzger et al. 2015) . In addition, it has been shown that the average kinetic energy of SN-GRBs is around 2×10 52 erg (Mazzali et al. 2014; Cano et al. 2015) , which has implications for the total energy budget. Thus, it is worth undertaking further investigation of the total energy of SN-GRBs to study the type of central engines. A recent interesting work related to this issue, Li et al. (2017) , investigated the total energy budget of X-ray plateaus and suggested that a black hole is likely to be operating for most GRBs, and a magnetar central engine is possible for 20% of their analysed GRBs.
